For simplicity, we adopt the following convention: j, k, l, n, m, i are natural numbers, K is a field, a is an element of K, M , M 1 are matrices over K of dimension n × m, and A is a matrix over K of dimension n.
xiquan liang and tao sun and dahai hu
The following three propositions are true:
(1) For all matrices M 1 , M 2 over K of dimension n × m holds width M 1 = width M 2 . (2) Let given M , M 1 , i such that l ∈ dom M and k ∈ dom M and i ∈ dom M and M 1 = InterchangeLine(M, l, k). Then (i) if i = l, then Line(M 1 , i) = Line(M, k), (ii) if i = k, then Line(M 1 , i) = Line(M, l), and (iii) if i = l and i = k, then Line(M 1 , i) = Line(M, i).
(3) For all a, i, j, M such that i ∈ dom M and j ∈ Seg width M holds (a · Line(M, i))(j) = a · M i,j .
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l be a natural number, and let a be an element of K. The functor ScalarXLine(M, l, a) yields a matrix over K of dimension n × m and is defined by the conditions (Def. 2).
(Def. 2)(i) len ScalarXLine(M, l, a) = len M, and (ii) for all i, j such that i ∈ dom M and j ∈ Seg width M holds if
We now state the proposition (4) If l ∈ dom M and i ∈ dom M and a = 0 K and
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l, k be natural numbers, and let a be an element of K. Let us assume that l ∈ dom M and k ∈ dom M. The functor RlineXScalar(M, l, k, a) yielding a matrix over K of dimension n × m is defined by the conditions (Def. 3).
(Def. 3)(i) len RlineXScalar(M, l, k, a) = len M, and (ii) for all i, j such that i ∈ dom M and j ∈ Seg width
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, and let l, k be natural numbers. We introduce ILine(M, l, k) as a synonym of InterchangeLine(M, l, k).
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l be a natural number, and let a be an element of K. We introduce SXLine(M, l, a) as a synonym of ScalarXLine(M, l, a).
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l, k be natural numbers, and let a be an element of K. We introduce RLineXS(M, l, k, a) as a synonym of RlineXScalar(M, l, k, a).
We now state several propositions: Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, and let l, k be natural numbers. Let us assume that l ∈ Seg width M and k ∈ Seg width M and n > 0 and m > 0. The functor InterchangeCol(M, l, k) yields a matrix over K of dimension n × m and is defined by the conditions (Def. 4).
(Def. 4)(i) len InterchangeCol(M, l, k) = len M, and (ii) for all i, j such that i ∈ dom M and j ∈ Seg width M holds if
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l be a natural number, and let a be an element of K. Let us assume that l ∈ Seg width M and n > 0 and m > 0. The functor ScalarXCol(M, l, a) yielding a matrix over K of dimension n × m is defined by the conditions (Def. 5).
(Def. 5)(i) len ScalarXCol(M, l, a) = len M, and (ii) for all i, j such that i ∈ dom M and j ∈ Seg width M holds if j = l, then (ScalarXCol (M, l, a) 
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l, k be natural numbers, and let a be an element of K. Let us assume that l ∈ Seg width M and k ∈ Seg width M and n > 0 and m > 0. The functor RcolXScalar(M, l, k, a) yielding a matrix over K of dimension n × m is defined by the conditions (Def. 6).
(Def. 6)(i) len RcolXScalar(M, l, k, a) = len M, and (ii) for all i, j such that i ∈ dom M and j ∈ Seg width M holds if
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, and let l, k be natural numbers. We introduce ICol(M, l, k) as a synonym of InterchangeCol(M, l, k).
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l be a natural number, and let a be an element of K. We introduce SXCol(M, l, a) as a synonym of ScalarXCol(M, l, a).
Let us consider n, m, let us consider K, let M be a matrix over K of dimension n × m, let l, k be natural numbers, and let a be an element of K. We introduce RColXS(M, l, k, a) as a synonym of RcolXScalar(M, l, k, a).
We now state several propositions:
(15) If l ∈ Seg width M and k ∈ Seg width M and n > 0 and m > 0 and 
